Abstract-
I. INTRODUCTION
The Adjustable Speed Drives (ADS) are used in a wide variety of industrial applications such as pumps, fans, elevator, electrical vehicles, wind generation systems, etc. There are various types of electric motors in electric drives such as DC motors, AC motors, stepper motors. AC induction motors are the most popularly motor type used in industrial due to their simple construction, reliability, robustness and low cost.
Many attempts have been made to develop a sensorless vector control of AC induction motor. Several techniques have been proposed. Magnetic-Salience-Based methods are very promising for standstill and low-speed operation [1, 2] . Their main disadvantage is the need for high precision voltage and current measurements. Also, these methods require a proper machine design. Model-Reference Adaptive System (MRAS) have a good performance over a large speed range [3, 4] . Their disadvantage is the large influence of parameter deviation at low-speed and standstill operation. The extended Kalman filter has been used as the most appropriate solution for speed sensorless drives [5] . However, this stochastic observer has some inherent disadvantages, such as the influence of the noise characteristic, the computational burden and the absence of design and tuning criteria. The current harmonic spectral estimation method estimates the rotor speed from current harmonics [6] . This method have a very good performance at low speed, but needs a complicated hardware and software setup for measuring and filtering the currents. Artificial intelligence methods [7] that use artificial intelligence techniques such as fuzzy logic and neural networks are robust to parameter deviation and measurement noise. However, they need long development times and an expertise in several artificial intelligence procedures.
This paper develops a sensorless vector controlled method for AC induction motor using sliding-mode observer. The proposed observer estimates the motor speed, the rotor flux, the angular position of the rotor flux and the motor torque in a robust and efficiency manner. For developing the control algorithm, modeling of AC induction motor is presented. Hardware and software for simulation and experiment of the AC induction motor drive are introduced. The simulation and experimental results illustrate that fast torque and speed response with small torque ripples can be achieved. The proposed control scheme is suitable to the application fields that require high performance of torque response such as electric vehicles. 
II. MATHEMATICAL MODEL OF
, the following is obtained from Eq. (4).
After separating the real and imaginary components from Eq. (2) 
To get the complete model of the induction motor, the electromagnetic torque and the motor angular velocity are obtained as follows:
( )
where e T , L T are electromagnetic torque and load torque, respectively; p is the number of pole pairs; J is inertial moment.
III. SLIDING MODE OBSERVER DESIGN For sensorless control, it is necessary to make a simultaneous observation of the rotor flux and rotor speed. The proposed observer is compared with a conventional observer.
A. Conventional observer
The conventional observer is designed as follows. The estimated stator flux is calculated based on the motor equations using a pure integrator as follows: The
The estimated angle of rotor flux is obtained as follows. 
The condition 0 V < & can be written as follows:
The following equation is selected as 
The roots of the characteristic polynomial of the above system are the following: IV. SIMULATION AND EXPERIMENTAL RESULTS The proposed sliding mode observer has been tested in order to verify its behaviour and robustness using testing system as shown in Fig. 2 . The testing system consists of an AC induction motor (1.5kw), a torque sensor, a powder brake.
The motor parameters are given in Table 1 . Simulation has been done with the conventional observer and the proposed observer in condition of load and speed variations. Fig. 3 and Fig. 4 show the simulation result using the conventional observer and the proposed observer, respectively. The simulation results consist of stator current, rotor speed, electromagnetic torque and DC bus voltage. From the results in Fig. 3 and Fig. 4 , we can conclude that: The implementation of pure integrator to estimate the stator flux is difficult because of initial value problem. The dynamic performance is lower and torque oscillation is bigger than the proposed observer. Fig. 5 and Fig. 6 show the experimental results using the conventional observer and the proposed observer, respectively. In experimental results, the upper pictures are phase voltages and the lower pictures are phase current. From the experimental results, the phase current in conventional observer has a larger ripple than the one in proposed observer. This paper developed a sliding-mode observer for sensorless vector control of AC induction motor. The modeling was also presented. Hardware for the simulation and experiment is described. The proposed observer was compared with the conventional observer. The simulation and experimental results showed that the proposed observer has smaller torque ripple than the conventional observer. The proposed observer was robust in high speed and low speed operation and load variation.
